Considerable controversy exists regarding the site(s) of origin of so-called junctional rhythms. Tl' HE LOCALIZATION of pacemaker activity in the atrioventricular (A-V) node and the His bundle region has been a subject of considerable debate. As many as five different pacemaker sites have been described in the A-V junction: coronary sinus ostium, the upper, middle, and lower A-V node,' and more recently, the His bundle.2 In
the past, the distinction between these various pacemakers was made primarily on the basis of the temporal relationship between the retrograde P wave and the QRS. The latter ordinarily shows the same shape and duration as seen during supraventricular rhythms. It has since become clear that these temporal relationships can be affected by relative antegrade and retrograde conduction times as well as by the location of the pacemaker. 3 Despite abundant accumulated evidence for the existence of A-V nodal automaticity,4 in recent years some experimental findings have fostered the concept that the A-V node is devoid of automaticity. 5 Rhythms once attributed to the A-V node are now referred to as low atrial or His bundle rhythms.5' 6 The inability to resolve this controversy has led to a semantic compromise: the term "junctional rhythm."7 The purpose of this paper is to examine evidence gained from microelectrode and catheter electrode recordings in experimental and clinical situations as they apply to the site of origin of junctional rhythms. On the basis of these data, a more precise classification of some of these rhythms is suggested.
Definition of Terms
The terms to be discussed are defined as follows: 1) The A-V junction, according to the concept of Pick and Langendorf,' includes the specialized atrial fibers in the low right atrium or coronary sinus near the A-V node, the A-V node itself, and the common bundle or His bundle.
2) The A-V node, according to the concept of Hoffman and Cranefield,2 includes "the entire complex of fibers functionally interposed between the atrial fibers proper and the His bundle proper." On the basis of differences in electrical properties, the A-V node has been subdivided into an upper nodal (AN) region, a midnodal (N) region, and a lower nodal (NH) region. 8' 9, 10 The action potentials of the AN by the same interval as that seen during normal sinus rhythm and A-V nodal rhythm.
In addition to these physiologic differences, A-V nodal and His bundle rhythms also have differential chronotropic responses to ouabain.19 With progressively increasing (nontoxic) doses of ouabain, the mean rate of A-V nodal rhythm decreased from 94 to 55 beats/min. In contrast, in animals with His bundle rhythms, there was no significant change in heart rate over the same range of ouabain dosages (average rate, 40 beats/min).
Thus, experimentally created A-V nodal and His bundle rhythms have markedly different "escape" rates and chronotropic responses to ouabain.
Conduction
In another study from our laboratory, on the intact dog heart, retrograde conduction from the His bundle to the sinus node area was significantly longer during His bundle rhythms, produced by pacing the His bundle, than during spontaneous mid A-V nodal rhythms at the same heart rate.20 Figure 2 illustrates a lead II electrocardiogram recorded in conjunction with electrograms taken from the area of the sinus node (SA), the region of the His bundle (Hb), and the area of the coronary sinus (CS). Changes in sequence of activation of different recording sites are noted as the rhythm changes from sinus rhythm to A-V nodal rhythm and His bundle pacing rhythm. In panel B a mid A-V nodal rhythm was produced by crushing the sinus node. Note that the sequence of atrial activation then proceeded from the low atrium to the high right atrium with coronary sinus and atrial activity in the region of the His bundle preceding sinus node activation. The P wave is coincident with A-V nodal or "N potentials" did not precede His bundle activity but were associated with atrial activity, the latter usually occurring during or after ventricular activation. However, each QRS complex was preceded by a His bundle potential. The authors interpreted these data as evidence that the site of origin of these rhythms was the His bundle, not the A-V node. However, an isoelectric segment was usually interposed between the A-V nodal deflection and the His deflection. Since activation of A-V node is continuous throughout the interval between activation of the atrium and the His bundle,'0 a portion of A-V nodal activation must occur during the isoelectric interval present in the recordings reported in the study by Damato et al., as well as in the isoelectric interval recorded in another similar study in the experimental animal." 22 This argues against the authors' contention that the absence of an A-V "nodal potential" preceding a His deflection localizes the pacemaker in the His bundle, because the A-V nodal activity occurring during the isoelectric interval may be unrecorded or undetectable.23
Circulation, Volume XLVIII, August 1973 Slow deflections recorded at the A-V junction should be interpreted cautiously. False potentials were recorded by Scher et al. 24 In addition, slow potentials are invariably present during the P-R interval in unfiltered records ( fig. 3 ). These slow 5) .
In fig. 6 another patient who exhibited complete heart block and a narrow QRS complex was studied using His bundle-electrocardiography. In this case the His bundle recording showed that there were two deflections recorded on the His bundle electrogram (BE )-one associated with atrial activity (BH) and the other preceding ventricular activity (BH' )27 That both these deflections emanate from the His bundle was validated by recordings during an induced premature beat (PI) which widened the A-H interval from 90 to 150 msec, an increase that indicates that this deflection (BH) was not part of atrial activity. In addition, panels B and C illustrate that pacing from the His bundle recording electrodes produced capture of the ventricles with 1:1 conduction. During pacing the same QRS morphology was produced as in the unpaced state in all leads, and the time interval from the pacer impulse to ventricular activation (PI-R) was the same as the unpaced H-V time seen in panel A (40 msec). Atropine induced no significant change of rate (an increase of 5 beats or less) in contrast to its marked effect on the first patient discussed.
In table 2 this series of patients with complete heart block is separated into two groups, each showing a narrow QRS complex. In group A the heart rates ranged from 45 to 60 beats/min and invariably increased significantly with atropine. In group B the heart rates ranged from 35 to 45 beats/min and the block was located distal to the recorded His bundle deflection. In several cases intra-His bundle lesions could be discerned by recording of double but dissociated His bundle deflections (see fig. 6 ). There was no appreciable effect of atropine on heart rate in these patients. These differential responses to atropine in patients with block proximal to the recorded H deflection or blocks localized within the His bundle have also Circulation, Volume XLVIII, August 1973 been reported recently by Rosen et al. 29 Thus, the site of block in patients with complete heart block and narrow QRS can be differentiated on the basis of escape rates and heart rate response to atropine.
Conclusion
In summary, studies in both the experimental animal and in man indicate that rhythms arising in the A-V junction can be differentiated into at least two groups. Basic electrophysiologic studies indi 
